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FOREWORD

Thie report was prepared by the Human Performance Laboratory of the
Engineering Psychologv Department, McDonnell Douglas Corporation, St. Louis,
Missouri. This project was conducted for the Personnel and Training Require-
ments Branch, Training Research Division, {r ¥o~ce Human Resources Laboratory,
Wright Patterson Air Force Base, Ohio. Charles u. Hopkins var the study
manager. Cyrus D, Crites was the principal investigator. The research was
conducted under Contract F33615-68-C-1476 during the period 15 May 1968
through 15 July 1969, This report was submitted by the author on
20 September 1969,

The research was conducted in support of Project 1710, "Human Factors
in the Design of Training Systems," and Task 171006, "Personnel, Training and
Manning Factors in the Conception and Design of Aerospace Systems.'" Dr. Gordon
Eckstrand (HRT) was the Project Scientist and Mr., Melvin T. Snyder (HRTR) was
the Tagk Scientist. Mr. J. Peter Kincaid (HRTR) served as the contract tech-
nical mornitor.

This project deals with three techniques for Personnel Subsystem Test
and Evaluation., This document defines the press camera with Polaroid back
technique, the other two are described in AFHRL-TR-69-16 "Miniature Event
Recording as a Technique for Personnel Subsystem Test and Evoluation," and
AFHRL-69-18 "Video Tape Recording as a Technique for Personnel Subsystem Test
arnd Evaluation."

The author wishes to thank government and contractor personnel of the
F-4E Category I, II, and IXI tests for their participation in this research.
Significant contributions in the form of assembly, checkout, operation and
maintenance of the camera system were made by John Gunnarson,

This tectnical report has been reviewed and is approved.

Gordon A. Eckstrand, Ph.D
Chief, Training Research Division
: Air Force Human Resources Laboratory
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ABSTRACT

A study was performed to develop new Personnel Subsystem Test and Eval-
uation (PSTE) techniques Zor use during Categories I, II, and III Testing of
ground operator and saintensnce functions. Thig report describes the devel-
opment, modification, and refinement of a press camera system as a PSTE
technique. FEquipment and operational procedures developed for the tachnique
were evaluated under various conditions, including Categozy II Testing at an
Air Force base. Rasulte showed the utility of the camera technique for
human enginenring and task assessment. Specific recommendstions are given
for use of this technique from eystem concept through operational use.
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SUMMARY AND CONCLUSIONS

Problem: The human componeat of complex Air Force waapon systems consti-
tutes a vital part of the gystem. If guch things as p.resonnel manning, or
hunan engineering of the system are done haphazardly, ths efficiency of the
aystem will be degraded, cost of carrying out the ayster's mission will go up,
and personnel operating and maintaining the system might even be placed in
danger. To guard against mistakes like this occurring and to insure that Air
Porce systems are well designed from the human standpoint, systems under
development are subjected to a process known as Personnel Subsystem Test and
¥valuation (PSTE). The purpote of PSTE 18 to chack the various Personnel Sub~
nystem elements (e.g., Human Engineering, Qualitative and Quantitative Personnel
kequirements Information, Training Equipment) for their adequacy during variocus
stages of system development (Category I, II, and III testing.) In principle,
the PSTE process should insure that systems are well designed from the human
factors standpoint. 1In practice, PSTE has not always been effective. One
reason for this is that PSTE has usually besn concentrated late in the system
development process (e.g., Cacegory II Testing). By this time, system design
is frozen to the extent that changes are enormously costly and time-consuming.
Changes are generally instituted only when a safety problem exists, or when
modification in a2 irsining procedure seems practicsl. Another reason for this
is that the measurement tools used for conducting PSTE have typically been
restricted to interviewr, checklists and questionnsires. The research problem,
then, was to develop a number of PSTE techniques that objectively measure
human performance in a systems envirorment. Mirther, it had to be demonstrated
that these techniques ae used in a field asystem testing exercise could impact
system design. To do this, the techniques had to be applied in situations
before design is completely fixed and they had tu produce convincing eviough
d.ta to persuade design engineers, Category test officials and System Program
Office (SPO) personnel to institute design and/or procedural changes.

Approach: Three techniques were chosen for deveiopment and fisld testing.
Besides a press camera with a Polaroid back, these included a video tape
recorder (covered in AFHRL-TR-69-18 and a miniature event recorder (AFHRL~TR-
69-16), The systems selectead as tast vehicles (various models of the F-4 air-
craft) were undergoing Category 1Y Testing at Edwards A¥B, Californis, and
Nellis AFB, Nevada. Subsystems “ncluded in the study were “he AN/APQ Radar,
the Martin Baker Mark H7 rocket ejection seat and the Rockeye MK20 bomb. Tasks
evaluated using the camera included such things as wedpons hanging, maintenance
of the Martin Baker secat, a trial installation of a devlopemat stage missile,
and technical order vaildation. Because the F-4 {s an aircraft that has under-
gone a number of mudel changes, it was considered a good system on which to
probe the limitations and uses s piass camers with a Polaroid back as a PSTE
tool, Thua, design and procedure change recommendations couid bz incorporated
into later models, The video tape recording equipment was specialiy modified
at the contractor's faciilty for portability snd eame of operation required
for efficient data gathering in ths system tes. situation (which is charactei~
ized by a requirement for quick reaction). The principle investigator spent a
total of four months at Edwards AFB (during this time traveiing to Nellis AFB).
The purpose was to record test situations that had implications for human
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factors design, and to convince the various groups reaponsible for system test-
ing and design (e.g., major air command, SPO, tasting and contractor groups)

of the value of the technique. Exteneive field evaluation of the technique was
accomplished te-ause thig was the only way to demopstrate that the technique
was vaiueble for carrying out its intended purpoge, and to probe the limits of
its usefulness. A detailed procedure describing the particular configuration
of the camera used in the research effort and procedures for ite field use are
contained in the appendix.

Results: The camera used in the study consisted of a 4 x 5" Crown
Graphic Camera, a Polaroid Land Film Holder #500, a Western Master V Light
Meter, and a Sampson Tripod. One film packet wae inserted into the camera at
a time. The photographic data obtained could be of one of three types: (1)
black and white print, (2) black and white negative and print, or (3) color
print. Potential applications of the camera in support of PSTE include the
following: (1) It can be used to cvaluate visual access problems (the camera
cea "see'" what the individual sees from his working position). (2) A work
envelope can be established for anthropometric evalustion by placing & string,
grid network between the camera and the subject. (3) The effect of parallex
on reading displays can be escablished and the resulting error can be measured.

Cne of the uses of the technique probed in the study was its usge ir
extracting data off of a television monitor when the monitor was showing the
playback of a video tape recording. For example, this was done when a video
tape recording was taken documenting the difficulties in removing a radar
antenna tecause of the design of the beuch and the: lack of a special piece of
aerospace ground equipment (AGE). Polaroid photographs of critical parts of
this task aided in the snalysis that determined difficulties in both design
and procedure. Alsc, the Polaroid photographs aid in writing PSTE reports
because they greatly simplify the protlem of describing equipment. PSTE
problems that are depicted by photographs are more effactive in persuading
responsible individuals to do something about the problem than is a verbal
description of those same problems. The particular camera configuration uaed
in this study produced photographs of good quaslity, The unique advantage of
a Polaroid camera iy that photographs can be examined on the spot and 1if the
photograph is not adequate, another one may be taken. PSTE problems must be
documented as they occur because frequently they do not occur agein. Several

L)

improvements on the camera configuration are suggested in the f»ll report.

Conclusiong: The use of a Press camera with a Polaroid back as a method
of ass: 1ing performance in the context of system testing has been demoustrated
t+ have real potential. The configuration suggeated in the full report is
inexpensive and relatively easy to use end a camera like the one described
should be made available to PSTE personnel at the test sitss and at contractor
facilities. A particular effort should be msde to institute the human factors
testing program as early in the system Jdevalcpient process as is pcaesible.

This is the most cost-effective way systems can be well designed from a human

factcrs standpoint.
\

This summary was precpared by Jj. Peter Kincaid, Personnel and Training
Requirements Branch, Training Research Division, Air Force Human Resources
laboratary.
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SECTION I

INTRODUCTION

PRODLEM

Personnel Subsystem Test and Evaluation (P3TE) has been hampered by two
problems: (1) PSTE equipment has not always beon adequate, and (2) PSTE has
sometimes been though of as an igolated element tacked onto the end of sysctem
developnont.,

In part, the first prcblem is a carry-over from waen humsn engineering
was directed primarily ctoward sir crew/cockpit evaluation., Probleme, such
as oxygen consumption, toxic gases, vertigo, and lighting were camphasized.
Moat test equipmant was specialized and neasured a specific substance or
phyaical velue.

With the advent of the total systex concery, many of the techniquas and
equipment uced for air crew/cockpit evaluations were retained and redirected
toward maintenance. Fowever, these methods do not provida the broad approsach
required for evaluating human performance in the syste=m.

The inadequicies of currently used PSTE techniques are aggravated in nost
test situations because of uni-rstaffed PSTE tesms and the great quantity of
system personnel, equipment, and procedures to be evaluated,

In a well conceived and executed Personnel Subsystem (PS) program, PSTE
should not be treated as an iasclated element. Rather, PSTE should deal
broadly with huuan engineering and life support, training and training equip-
ment, qualitetiv: and quantitative perionnel requirement information, and
personnel-equipment data. Fven when the system i1s operational, the knowledge
gained in these efforts is applied to Engineering Change Proposals (ECP's),
later models, and new sysicms.

PSTE planning should concentrate on those systems, subsystams, and com-
ponents most likely to cause problems when user personnel operste and main-
tein them, This basic problem-golution orientation requires quick and accur-
ate identification of critical tasks.

PURPOSE

The purpose was to identify, develop, and assess naw devices, instruments,
and techniques for making PSTE more effective.

APFROACH
The approach consisted of:

2. Selection of two subsystems to validste new PSTE techniques.




e ey e e

b. Study of selected subasystems ir areas where PSTE of ground operator
and maintenance functiona should be accomplighed.

c. Evaluation of techniques and equipment that have potential for im~
proving PSTE, and gelection of the three most promising.

d. Develcpment of selected techniquen znd equipment to maka them field-
werthy.

e. Development of test guides for the techniques that specify the test
criteria, step-by-step instructions, and data treatment.

£. Application of cthe techniquesz to the teating of two subsystems.

g. Assessment of the valuz 3f the techniques for PSTE and for evaluating
early design. ‘

h, Identification of the unique capabilities >f the techniques.
1. Definition of further development needs for the techniques.
The details of the approach are rc be found in Figure 1,

OVERVIEW

Experience with most past PSTE programs indicated that the overall re-
quirements fcr PSTE, as defined inm AFSCM 80-3, AFR 30-8, and AFR 80-14, exceed
the capabilities of the PSTE staff. At the same time, most test persounel
agree that PSTE should be more rxtensive than present requirements permit be-
cause pergsonnel problems are so pervasive and critical for operational success.

In the past, the pilot/cockpit evaluation has received moat of the PSTE
teams' attention and effort., Thig ia because of the pilot orientation of the
test teams and because many areas related to misslon succesa are aircrew
functions, Maintenance, technical publications, AGE, maintenance training,
and maintenance training equipment have not received adequate evaluation,
perhaps becaus: they are difficult ¢~ evaluate. Thus, only serious and ob-
vious maintenance problems are reported, while many others ave unrepoerted or
their causes poorly identified. This study was directed specificzlly to im~
prova the ability of the PSTE team to isolate, identify, report, and solve
maintenance problems.

PSTE {3 usually a reactive process, concentrating on areas where prob-
lems exist, This approach prerimes that test perscnnel know beforehand what
constitutes a ?STE problem and then Concentrate their effort there. (his
approach has been moderately successful, and the results have been signifi-
cant, However, it does not provide for the thorough, methodical wringing out
of the system that {s needad to complete the approach of engineering and other
test disciplines. Ragsults often verify a problem, but seldom identify one
through analysis, eepecisally unanticipated ones that can profoundly affect
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mission success. Procedures, equipment, and manning are accepted at face
value with only token attempts to assess them for maximum effectiveness. PSTE
has had growing pains. It has been better to achieve gselective success chan
to evaluate the whole personnel subsystem and fail.

Field experience suggests an approach that provides more effactiva
utilization of PSTE manpower and a more wmethodical and complete evaluation of
PS elements. This is the developmenz of better assessment techniques and their
associated equipment and criteria,

Three techniques chosen were:

* miniature event recorder

* wvideo tape recorder
® press cemera with a Polaroid back

The press camera system is composed of:
® &4 in. x 5 in. presa camera
® Polaroid film holder

Light meter

® Tripod

The camera system is illustrated in Figure 2,

The camera system possesgses saveral unique features aided in the imple-~
mentation of PSTE:

® TImagery is ready for viewing in less than one minute after exposure.

° Relatively large format, 4 in. x 5 in., allows the evaluator to make
notations on the print, and the print is large enough to be used in
reports.

® Ground glass focusing provisions allow for precise focus, framing,
and positioning.

Test guides were developed to fmplement the techniques based upon the
field tryouts. These guides define the objectives, criteria, and procedures
for field use of the technigue.

Several trips were made to Air Force bases where F-4 tests were in pro-
grese. The new techniques were discussed in depth with test management per-
sonnel. Teat directors showed great interest and all cooperate in implement-
ing the technijques.




Figwe 2. Prosc Comero System




The test site seclected for implementing the study was the F-4E Category
II teat at Edwards AFB, California. The equipment was used there for four
months beginning in mid-November 1968. 1t was used for the PSTE of the
AN/APQ 120 radar, the Martin Baker Mark H7 ejection seat, and sesveral other

systems and subsystems.

The resultsy are described in Section 1V. The technique is assessed in
Section V. The application of the camera technique to earlier design and
phages of system derign is also discussed.




SECTION II

METHODS

The selection of techniques and equipment, the development of field-
worthy equipment, and the plans for applying the techniques are described
here,

SELECTION OF TECHNIQUES

The wide variety of cff-the-shelf equipment requires selecting the most
appropriate equipment using these criteria:

Will Objectively Measure Human Performs:ce

Human performance assessment is essential to PSTE just as equipmeat per-
formanc® messurenents are easential to engineering. PSTE test condi-
tione do not permit the control over measures possible in the lahoratory.
For example, measuring instruments cannot be attached directly to main-
tenance pergsonnel, However, the techniques must provide data in terms
of time, cistauce, snthropometry, and task difficulcy.

Will Provide Data Useful for the System Test as a Whole .

Data collected for PSTE is important to other test activities. The in-
terpretation of results may require multi-disciplinary interpretation.
Thus, PSTE data must be in a form readily applicable to other efforts.

Will be Usable on all Test Activities

In additior to slowing down the meintenance effort, interference cen
lead to invalid information. The teckniques should not require special
scheduling of maintenance tasks which interrupt normai work.

Will Have Application tc Many Subavstems

Equipment may be useful for specialized hardware and human performance
areas but does not have broad applicabilities. Much specialized equip~
ment becomes too cumbersome and expensive for field use.

Will pot Require Extensive Training to Use

Techniques should not call for a high skill level, or for an abnormal
amount of prior knowledge.

Will Generate Data in a Form Readily Usable by SPO's, Contractorg, and
the Using Command

Communication between the test site and all interfacing military and con-
tractor groups is a problem. The data should sid in the understanding




nf the problems directly without interpretation by experts. Any method
that would apeed and enharce underscanding would receive special atten-~

tion.

Will Have 8 Pest Reaction Capsbility

Because testing is gesred to a schedule, maintensnce tasks are performed
as soon as practicable. Most maintenance is based on unanticipsated
feiluves. PSTE equipment that requires exteusive hook-up time, cali-
bration, and preparaticn would not be practical.

¥iil Provide Operationally Sianificant Results

Techniguec that can identify the relationship of the task to launch time,
turn-around time, operational ready status, snd orxdnance uploading and
down~loading should be given specisl consideration,

SELECTICR OF TEST SITE

The szlected PSTE techniques were to be developed and validated by uge
in an ongoing system test. McDoenell Douglas has implemented the PS programs
on the P-4 aircraft. The F-4E aircraft was in Category I, II, and III testing
during this study.

F-4E testing was being carried on at three locations:
® Category 1 test at th: MDC Facility at Zdwards AFB.

¢ Category II test by a joint AFSC and Tactical Air Command test team
at Edwards AFB.

® Category III, primarily Tactical Alr Command, was at Mellie AFB and
Eglin AB. Several trips had been made to each of these bases by
the Principal Investigstor. Additional trips were msde to discuss
study objectives, scope, and requirements. Test management was
interested in the proposed techniques, and understood the difficulties
in evaluating maintenance. They were egpecially helpful in identify-
ing the applicable teste.

Test site seiection wvas based ov the folloving assessaeata:

a., EBdwsxds AFB, P-4R Alrcraft Category II Test,

This P-4E wvas in its second year of testing. A formal PSTE program wss
being implemented by a team composed of AFSC officers, Afr Training Cosmand
Non Commissioned Gificers, and contractor personmnel, including a PSTE re-
presentative from MDC. DBecause the test team war fawilisr with PSTE, in-~
doctrination was not required. Because the tests were sleo primarily veri-
fying performance, new PSTE techeniques would not creste concern. In




addition, the F-4E Category I test was being conducted a. the MDC Facility at
Edwards AFB and might aid evaluation of activity at an earlier stage of
equipment development.

Unfortunstely, only two P-4 aircraft were in system teat, and one of
these :id not have a radar subsystem. Thus, the maintenance volume was quite
low. 1t slso wes being performed by AFSC, TAC, contractor, and vendor persom—
nel who are not representative of an operatfional unit. Training, training
equipmant, and QOPRI were not examined becauge F-4E training was not being
conducted. Also, the legistic mupply situation was not typical.

b. Eglin AFB, ¥¢-AE Afrcraft Category III Test

The Cstegory III testing on the F-iR wae ending as this study began, but
operationel testing was scheduled to continue during the study period in a
series of "follow on' tests. The 33rd Tactical Pighter Wing of F-4E's was
based st Eglin AFB and in training. Because of the large volume of mainteo-
ance, meintenance personnel, and the use of operational procedures, this sits
offered the wost realistic operationsl enviromment short of Southeast Asis.

The 33rd Tactical Fighter Wing was prepariang for deployment, accelersting
certair meintenance functions. Injecting untried PSTE techniques in .o a
stresefel gitustion could create resentment. Since PSTE was not being imple-
mented, thsre was nc established work base nor provisions for reporting
results.,

c. NRellis AFB, F-4E Adircraft Category III Test.

This site alao was being used for T-4E Cotegory IIT tests in coordination
with Eglin AFB. There was a greater volume of maintenance activity here than
at Fdwards AFB, but less then that at Eglin AFR. Nellig did not have a PSTE
effort and P-4E training and training equipment was not on site.

The foilowing recowmendations vere made regarding test site selection:

(1) Category II test on the F-4E at Edwards AFB would continue for
several months and safford a sound basis for equipment evaluation
under testing conditione.

{(2) F-4E Category II test personnel at Edwards AFB concurred that this
study would be uzeful to their effort and that they would cocperate.

(3) The MDC Edwards AFB Facility offered additional potential with its
F-4E Category 1 effort, and F-AC/D/J/K/M and RF-4C/B testing.

(4) The Directorate of Material at Edwards AFB was interested in this
study, and would cooperate in its implementation. The Directorare
would provide for evaluation of aircraft and subsystems over a wide
range of maintenance and would allow interfaces directlv with the
Base Cowmander.




(5) Nellia AFB was near enougn to Edwards AFB (260 miles) to aliow some
evaiuvation under Category III conditions.

(6) Developmental problems with the PSTE test equipment would interfere
with the rapid pace at Eglin AF3. These problems would be sclved
as part of the study, but they could degrade operational maintenance.

Edwards AFB was approved as the eveluation site by the contract technicsal
monitor.

SELECTION OF SUBSYSTEMS

The applicab{lity of astudy results to other aercspace syatems, including
eircraft, spacecraft, missiles, and command and control systems must be con-
sidered in sele~ting subsystemg for evaluation. Therefore, subsystems should
meet most of tue cirteria in Table I,

TABLE | SUBSYSTEM SECECTION CRITERIA

1. BE SUFFICIENTLY COMPLEX TO WARRANY EVALUATION (STRUCTURE,
ELECTROMIC, HYDRAULIC, PNEUMATIC).

2 REQUIREL DIAGNOSIS OF MALFUNCTION AND REPAIR BEYOND SiMPLE
STRUCTURAL FAILURE OR THE OBVIOUS MAL FUMCTIONS,

3. REQUIRE AGE FOR MAINTENANCE,

4 MAVE A RELATIVELY HIGH RATE OF FAILURE AND/OR *REQUENT
ADJUSTMENTS, AND/OR SERVICING FOR OXYGEN, HYDRAULIC FLUID,
AMMUN ITION OR FUEL, )

S. REQUIRE BOTH FIELD AND ORGANIZATIONAL AAINTENANCE.

6. BE COMPATISLE WITH SECURITY REGULATIONS SO THAT RESUL TS
CAN BE PUBLISHED OPENLY.

Two subsystems that best met the criteria in Table I weve the AN/APQ 170
radar and the Martin Baker Mark H7 ejection seat. The AN/APQ 120 radar has
classified elements but which could be avoided in reporting study results.

a. AN/AP( 120 Rader.

This radar is one of the mcst advanced fire control systems in the Air
Force inventory, was scheduled for Category II tast at Edwards AFB until
April 1969. The complexity of the equipment, {ts importance for the mission,
and extensive AGE provided a comprehensive base for evaluating the new PSTE
techniques and equipment {n human engineering, training, and manning arees.

b. Martirn Rzker Mark d7 Rocket Fjection Seas:.

This seat replauced the Mark 5 seat which uses gun action slone. Pro-
pelled by gun 2nd rocket power, it provides a zero ground, zerc altitude
ejection capablifty. 1Ir was not scheduled for formal Category I, II, or I1I
aircrafr. Farlier human engineering evaluation had i{dent:fied mai{ntenance




tasks involving servicing of pyrotechnic devices and many mechanical aechan-
ismg, This asubsystem completed the electronic charscteristics of the
AN/ APQ 120 Radar.

The AVE and AGE for the two aubsystems are listed in Tables II through
Iv.

IDENTIFICATION OF POINTS AND CONDITIONS POR PSTE i

The identification of major points and conditions for PSTZ waz guided by i
the prisary requirement that PSTE should provide for the PS5 elements. A
secondary requirement was that FSTE should provide for sssessing of basic
husan performance to include learning, motor akills, perception, group behavior,
precision of wovemsnt, and task performance.

The McDounall Douglas F-4 PS participated in developing the AN/APQ 120
radar and the Martin Baker Mark H7 ejection seat. This resultad in ioputs
to AVE, AQE, technicsl publications, and training. Later in devalopment, PS
personnel ware imvolved in Category X, IY, and III testing of these subsys-
tems. Tabla V shiwe the PS interfices with development used to id: tify the
points that required further evaluaticn,

Timing is Important for conducting PSTE or maintenance taske. Except
for periodic meintenance and inspections, meintenance is oaly performed when
malfunctions ocour or when special teatiny clanges sre made. The reporting
of mslfunctions is processed through work load control. Appropricte person—
nel and shops are assigned to rectify the problem.

The methad of gelecting the task for study depended oz:

a. Priority of PSTE evaluation.

b. Assoclation of task with one of the two study subsystems,

c., Potentisl criticality of task,

Theze considerstions did not preclude the use of the cemera for other
test functions, such a3 pllot/ceckpit evaluation, or befng used to document
damsge or aquipment con‘iguratious,

The orgsnization of 1'> F-4% test temm is shown In Pigure 3. The de-
tailed organisation of the . sintenance ssction is showm in Pigure 4.

The location amd time of occuizznce of maintensnce varied wvidely. Prin-
cipal locstions were flight line, hangar, shop, hct line, and gun butt raage.
Maintepance could occur at anytime in any 24 hour period, depending on its
criticalsry. Wighttime, flight lins, hot line, and gun butt rangs prssentad
the most ditficult enviromments for PSTE. However, the envirommemtal effects
on task performance have been significant on PSTE considerstion.




TABLE 1l AN/APQ 120 FIRE CONTROL SYSTEM AIRBORNE FQUIPMENT

Paxt No,
53-870050-21 Antenns
-25 CW Tranamitier
-45 Stazbilization Assembly
47 Cable Assembly
~49 Pump Tube Power Supply
-43 Spport Structure
-33 Serve Assembly
-35 Microwave Assembly
~-37 RT Electronics
-39 Stalo, Pulse
-41 CW Electronic
-23 Computer
=27 Tower Supply
-23 Pulgse Transmitter
~31 Synchronizer
£3-870050-3 Radar Set Control
-5 Rader Test Set Control
-7 Anteans Control
-9 Indicator Contrcl Unit
=11 Pilot Indicator
-13 PSO Indicater
-15 Mount, Pilot Indicator
-17 Dehydrator
1%




TABLE 11l AN/APGQ 120 AGE (ORCANIZATIONAL -FIELD)

Paxt No,

53E340008-1%
-1
-13
-17
-19

AN/APM-84B

TS-2059/AWM-18

CN-808/A
HD-416A/U
486991-110
ME-6D/U
AN/PSM-6
AN/USM-105A
803B/AF
S3E340018-1
S3E340013-1
S3E340014-1
53E340015-1
53E150185-1

SIE34009-1*
-3
-5
-11
-17
-19
=21

QRGAL'"ZATIONAL AGE

Missile Control System Test Set
Accessories Kit

MCSTS Truck

Dehydrator Compressor
Control Monitor

Radar Modulation Test Set
RF Power Test Set

Voltage Regulator
Hydraulic Pumping Unit
Missile Interface Test Sat
Electronic Multimeter
Multimeter

Oscilloscope

Differentisl Voltmeter
Extender Bar Slide Rail
Radar Test Set

Computer Test Set
Supplemental Kit

LCOSS Test Set AN/ASM-238

FPIZLD AGE

Missile Control System Tes: Bench Set®#
Console #1
Console #2
Console #3
Console #4
Console #5
Conscie 6

* Comprises A Composite Test Facllity, Unique and Common AGE
**  Some of thc organizational AGE ie used with bench,
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Part No,

$3-820000-1
- 3~820600-3

Fart No,

J2E110077-1
32E110012-1
32E110013~1

32E110014-1
32E110026-1
MDE 32365

MBEU 1925 RU

MBEU 1730

TABLE {V MARTIM BAKER MARX M7 SEAT AND AGE

AVE

Descxipticn

Rocket Seat Acsembly (Pilots Seat)
Rocket Seat Agsembly (PSO's Seat)

AGE

Degcription

Ingsertion Device - Strap Fittings

Insert - Safety, Firing Mechanism

Adapter Assembly - Ejection Seat
Cradle

Alignment Kit - Rocket Nozzle

Guard - Rocket, Seat Bucket

Canopy and Seat Ejection Mechanism
Tester Assembly

Torque Wrench

Crow's+Foot Wrench

Maintenarce Level

0=0Organizational

P=Field

OF
OF
F

or
F
oF

OF
¥
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TABLE V PSTE INTERFACES WITH SYSTEM DEVELOPMENT PRODUCTS

System Concept, Design, and Development

System Anelysis

Detailed Spacificatioa

Vendor Propossis

Contractual Data Requirements

Specification Control Lrawings
(SCD's)

Preliminary Drawings

Final Drawings and Drawing Releszse

Engineering Change Proposals (ECP's)

Mock-up Reviews

Aarospace Ground Equipment Recommen-
dation Data (AGERD's)

Simulation Data

Delivery Schedules

Prototype Equipment

Production Zquipment

Technical Coordination Meetings

System Support

Muintenance Concept

Maintenance Evaluation and Report
Documents (MEAR's)

AGE Conferences

Religbility Date

Facility Requirements

Integrated Logistic Support
Mansgement Plans {ILSMP)

System Test

Acceptance Test Procedures

Accepzance Testing

First Article Demonstration

Contract Technical Compliance
Inspection (CTCI)

Plight Test Reports

Category I, 1I, and III Testing

Personnel Subsystem Test &
Evaluation (FSTE)

Special Tests

Standards, Specifications, and Design
Criteria

Military Standards
Military Specifications
Air Forue Manuals

MDC Engineering Procedures
Human Engineering Criteria

Manning

QQPRI Conferences
QQPRI Document:.
QQPRI Field Verification

Technical Orders (T.0.'s)

T,0. Validation Demonetrations
T.0. Verificaticn Demonstrations
Preiiminary Technical Orders

Training

Traiuing Program Conferences
QQPRI Conferences

QQPRI Documents

Training Plans

Training Texts

Training Equipment

Trainer Drawings
Training Equipment Conferences
Trainer Acceptance Conference

Field Data

Unsatisfactory Reports
Accident Reports
Maintenance Reports
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The following are potential applications of the camera technique in
support of PSTE:

® Problems involving visual access can be graphically described by

placing the camera so that it would "see" what the individual sees
from his working positien.

® The effect of parallax on reading displays can be determired and the
resulting error could be measgured.

® A werk envelope can be established for certain tasks by placing a
string grid system between the camera and subject. This technique
can be further refined by placing lights on body points and taking a
time exposure.

® The adequacy of tools can be determined through cloge-up photography.
The suitability of tools depends on fit with the fasteners or con-
nectors, the effect of the torque, and the limits of rotation. The
cametas can also be used to record tool-caused damage, such as burring
or abrasion,

® The camera can be used to document damage or injury caused by acci-
dents or equipment failure. Cuts, blisters, burns, or ailergies can
be recorded,

® Table top or full-scale models can be photographed in various config-
urations describing more effective equipmeat layout and design,

In addition, routine PSTE observation and evaluation can be supplcmented
with the camera system. PSTE personnel must obtain rapid results in data
acquisition. “ii2 results from using Polaroid filu allow the equipment to be
returned to service quickly. The photographic data accelerates interaction
with other test force sections by serving as a basis for inquiry and dis-
cussion.

FREPARATION FOR TSRZORMING PSTE

PSTE requires the evaluator to be familiar with the task. For example,
the loading of most ordnance follows a pattern in seguencing, tools, and AGE,
and involves the same number of people in the load crew. If the evaluator
knows these generalities, he : i:n adequately cvaluat. a procedure for a new
missile, bomb, or pod hanging. Haintenance on electronics, hydraulics, air-
frame, and othzr subsystems has general patterns that are characteristic to
each suybsystem. Sources of pertlnent information are:

a. Personnel.
PSTE team members can instruct inexperienced individusls 'on site' as to

critical tasks that are likely to occur in maintenance., These individusls
can be given general orientation on the PS effort, equipment descriptions,
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and basic PSTE responsibilities and techniques. In early testing phases,
such personnel can observe specific tasks when they can be instructed in
detail as to what can be expected. Later, they observe and evaluate main-
tenance activitiess with limited direction. Their reports should be reviewed
by experienced human factors personnel prior to inclusion in the test report.

b. Technical Order Review.

A review of the task described in the Zechnical order is desirable in
interpreting the procedures. The technical orders are alsc used to determine
adherence to or departure from procedures, identification of T. O. errors,
and as a basis for improving procedurea.

¢. Critical Task Data.

Marginal task arcas identified in early deaign should be followed during
test since change of environmeuc, personnel, frequency of use, or desizn can
cauge them to bacom. sericus problem areas. With prior knowledge of these
guspected areas, ovne can selact the techniques with which to teat for criti-
cality.

d. Observation.

Frequently, it is desirable to cbserve 2 task being performed before
attempting an evaluati ... The specific area requiring data can be determined
for a more efrective effort,

e. Liaison With Test Sectionsa.

During the course of this study, PSTY investigations were made upon
information contained iu casual remarks by test personnel.




SECTINN 1II

EQUIPMENT

GENERAL

The camera system consistcd of a 4 in, x 5 in. Crown Graphic Camera, a
Polaroid Land Film Holder #500, a Weston Master V Light Meter, and a Sampson
Tripod. The camera system assembly and operation will be found in Appendix I.

4 IN. X 5 IN. CROWN GRAPHIC CAMERA

The camera used, eight years old but in excellent condition, was equipped
with & Kalart coupled rangefinder, a Graph Lock back, a Graflex Optar f/4.7
lens and a Graphex shutter.

The Crown Graphic, widely used by newspaper photographers is standard
equipment at Air Force Base photography shops. Recently, some base photo~
graphy shops have ccnverted to smaller, lightweight cameras. This should
result in more Crown Graphic cameras becoming available for PSTE purposes.

The Crown Graphic Camera possesses several diatinct features.

a. Large Image Size - The 4 in. x 5 in. image area provides for adequate
detail without enlargement in most cases.

b, Ground Glass Focusing ~ Permits through~the-lens viewing, framing,
and focusing. A fresnel lens lmproves the intensity of the image on
the ground giass.

c. Double Extension Bellows - The lens to film distance can be increaged
to twice the focal length of the lens yielding a fuli-size image of
the object (l:1 ratio).

d. Internaily Coupled Rangefinder - The rangefinder allows the operator
to precisely focus the object from four feet to infinity.

e. Accepts a Wide Variety of Film Types - With accessories, this camera
will accept sheet, pack, roll, and Pclaroid fi{lm and glass plates.

The Crown Craphic Camera is versatile and has precision adiustment. The
adiugtments for framing, focus, and image size can only be performed with a
camera that allows ground glass focusing. 1In addition, this camera can use
Polaroid 4 in. x 5 in. land film packets.

PCLARQOID LAND FILM HOLDER #500

/.

This holder adapts the Crown Craphic Camera t- the 4 in. x 5 in, land
film packet shown {n Figure 5. All of the packets feature {magery {n one




Figure 5. Polereié Land Film Helder #3500




minute or less. The photographic data can be in black and white print, black
and white negative and print, or color print. The holder can be inserted or
withdrawn from the camera at will. Siace the holder will accept ome packet
at a time, the operntor can change the fil. without exposing a roll or change
the {1ilm holders.

WESTON MASTER V LIGHT METER

Since the Polaroid land films range in speed from ASA 50 to ASA 3000
daylight, a light wmeter is essentia). This meter reads directly in foot
candles and has & double acale, one for strong ligkt levels, and one for low
light levels. These ascales change automatically when the light baffle 1is
moved over or away from the photo cell.

SAMPSON TRIPOD

The Ssmpaon Model 7301 tripod is 3 heavy duty unit extending to 72 ins.
and is equipped with a pan head and elevator mechanism. The tripod, also
used with the videc tape recording system, is essentlial for photographic data
requiring accurste positioning of the camera and exposures longer than 1/25
second,

POLAROID LANWD FILM

Thevre are five types of film availsable ir the 4 4in. x 5 in. packets.
Each has it3 advantages snd limitations.

A. Type 57, Black and White Print, 3000-3200 ASA - This zxtremely high
apeed film can reproduce an adequate record sith subiect illuminated
with as little as 2 or 3 foot candles with shutrier spceds as fast
as 1/25 second., It {is so sensitive that it cannot be used in sun-
light with the smallest aperture and fastea¢ shutter speced. The
prints are somewhat flar (reduced contrast), This film was the one
primarily used in this study.

b, Type 22, BRlack &nd White Print, 400 ASA - This fiim {s moderately
rast sad can create good prirts with good contrast. Its lower
speed makes it adaptable to outdoor photographv, The picture
quality is better than Type 57 hecause it will reproduce much better
ir the printing process,

c. Type 55 P/N, Black and White Negative and Print, 350 ASA - This packet
provides a print for checking exposure, focus, framing, and content,
The negative can be used for enlargements aud multiple prints,

d. Type 51, Black and White Print of High Contrast, 200 ASA - This
specialized film is Iaor use where the image is ts be in black and
white with no intermedia‘e gray tones. For PST: purposes, it would
be limited. The film could be used to render paver records or
dieplavs to show markings more clear.y by reducing the shalirge to
either black cr white,

22




e.

Type 58, Color Print, 75 ASA -~ The need for color photographs in

PSTE i¢ limited. However, in some cases where color differertiates

essential elements, or where injury to the body 18 encountered,
it would be useful.
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SECTION IV

RESULTS

The results of using the press camera with the Polaroid back on the
AN/APQ 120 radar, the Martin Baker Mark H7 ejection seat, the engine inlet
duct, tigh torque screw tools, and AGM 65A wissile are presented here.

The use of the camera system involved access to classifiea areas, and
the recording of classiffed material and required a base photographer's pass
for the author. The total field testing time remaining after preparation
was 60 werking days.

The Category Il test was in its second year of testing. Most of the
significant problems with the F-4E a‘reraft had been reported in the F-4E
progress reporis., 1t was felt that ulaulation of problems already remedied
just to make photcgraphs would not be wort -while. Several factors severely
restricted the svaluation of the gubsyct-ms. One was weacher conditions.
Frequent rains, heavy winds, snd cloud cover restrictel the test f£lights
end minimized maiutenance activity. It was not that the aircraft could not
take off, but testing usually requires good conditions for assessing the
results of the test, and for eusuring that the various test paramcters have
been met. Secondly, the radar subsystem had undergone a series of changes
and was performing wuch better than had been anticipated. The radar did
not fail during field assessment phase.

Maintenance on the Martin Baker ejection seat was similarly reduced.
Removals to allow access to other subsystems was the only activity involving
the Martin Baker seat.

The effects of the reduction of maintenance on the two selected subsystems
was partially orfset by a series of demonstrations and tests on other equip-
ment ir earlier stages of development,

The PSTE teem that origirally manned the F-4 Category II test was reduced
to fiva persons when the field phase started, and was further reduced to one
person, the contractor PSTE representative, shortly thereafter. Other team
members were transferred to cther test programs. The ATC personnel, formally
nart of the F-4E test, recurced periodically to work with the camera technique.
Their knowiedje of the subgystems, facllities, and maintenance achedule was
& agset to this study.

The results of using the camera technique with the two selucted study
aubsystems will be teported first. Results obtained ir other tests will
follow:

AN/APQ 120 RADAR

The technicians in the radar shop pointed out that the removal of the
radsr antenna was compiicated by the design of the bench and by the lack of a
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special piece of AGE. The radar antenna weighing 42 pounds, is removed so
that a malfunctioning or suspect sntenna can be checked out with the balance
of the subsystem. An extender, bar slide rail, is used on the aircraft to
extend t..e radar package forward for accessibility. The radar bench was not
provided with this bar so that technicians muast azgsume awkward positioans to
perform this task. The bench structure beneath the antenna prevents the
personnel from getting under the antenna. The removal requires two men - one
on each side of the bench who support the weight with their arms extended.
There also are several delicate components below the antenna that could be
essily snngged or dented,

This task was recorded with the video tape recorder. A series of still
photographs were made from the monitor screen to document the technicians'
body positions. The radar antenna is a classified item and these pictures
cannot be presented. However, it should be pointed out that still pictures
taken of the monitor screen at critical points provide data for anthropometry,
work space laycut, and other measurements involving man and the equipment.

The contractor PSTE representative was azked to describe a field modifi-
cation to the glare shield for the radar scope. The modification ccnsisted
of an additionsl rubber glars shield that the pilot systems operator could
uge to cut out the ambient light by placing his face against the open end.
This structure had a sloping end with an area recessed to accept the bridge
of the nose. The original glare shield and additional structure were removed
from the aircraft and a series of phctographs were made with Crown Graphic
Camera. See Figures 6, 7, 8, and 9. Since the aircraft was in frequent use,

data acquisition was limited. The report was written using the photographs
as a guide,

Baged on PSTE experience such & technique will find constant use in this
type of application. The PSTE personnel are frequently faced with the task
of describing equipment and man's asscciation with it. To do an adequate
evaiuation and to write a precise report, he must have accurate informaticn.
He must determine part numbers, define locations, express relationships and
conditions. Although he has access to drawings, T. O.'s, and other data,
selective photography of equipment and tasks would significantly improve
PSTE efficiency. The time asved by not having to return to the equipment
for additional notes or sketches or making repeated observations of tasks
justifies the technique,

MARTIN BAKER MARK H7 FJECTION SEAT

One of the modifications related to the Martin Baker H7 Ejection Seat was
the installation of a seat sequencing system. This system ensures that the
seats will eject separately with a short interval between them to prevent the
rocket blasts from burning the aircrew. Ons element in the system is a se-
quence iniriator. Two unsatisfactery reports were received stating that the
initiator was fcund reversed {n the lines. The two ii0se conrect.ons are
fdentical allowing a match in both the correct and reversed poaitions. A
proposed corrective measgure was to locate the initiator in a bracket that




3] t 3

Figuwe 6. Side Yiew Glare Shield Addisien

Figure 7. Reor View Glore Shield Addition
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would only allow the initiator to be mounted in the correct position. Thie
bracket had a hole that would only allow the small end of the initiator te
pass through it.

The F-4E persomnel suspected that the bracket itself could be reversed.
In order to determine whether this reversal :ould actually be accomplished,
a mock-up of the bracket was made and an attempt was made to install the
initiator in both positions. See Figures 10 and 1l. 4nd, it was found that
the initiator could be reversed. A careful investigation was made as to what
conditions might cause the bracket to be reversed,

The resulta indicated that the bracket would be inatalled on the aircraft
structure and that this bracketr would not be removed for the purpoae of re-
placing the initiator. Hovwever, if the bracket is removed for some reason it
is possible for it to be reinstalled backwards. Thie possibility was called
to the sttention of the Technical Data Department so that they could incor-
porate a warning note in the ejection aeat T.O.

No problems were identified while evaluating the Martin Baker seat that
were related to work space envelope. Figures 12, 13, and 14 depict the
pot=ntial of documenting this type of problem by using a string grid. This
gridwork was made by fabricating a wood framework and lacing a heavy cotton
string at 3" intervals. The technician in this series is loosening a bolt
on the drogue gun. Note that the firet and third pictures in the series
show ejection seat structure interf rvence preventing full rotation of the
wrench. The third not only shows iaterference bui a point where the techni-
cian could injure his thumb. DNote that the thwmb is between the wrench
handle and the metal rod.

The grid provides the evaluator with coordinates for establishing work
envelopes and anthrcpometry of the task., Note that the position of the hand
has changed between the first and second of the series.

A whole room can be made a grid with the four w~lls and ceiling depicting
the actual work space. Photographs of a task being performed on equipuent
in the work space can be taken through any of the walls or down through the
grid ceiling.

HIGH TORQUE SCREW DAMAGE

The contractor PSTE representative was investigating the cause of high
torque screw head damage. Two types of tools were being used to remove and
drive these screws. [Due to the close tolerances and beveled slot, these
tools must be in good condition or they will damage the screw heads by
slipping out of the slot and shearing part of thkz screw head. Due to the
high torque required to break-out the screw, a damaged head may prevent normal
removal. The tools in Figure 15 show wear and should not be used. A copy of
the picture was sent to the appropriate personnel at McDonnell Douglas along
with an inquiry as £o how screw damage could be prevented, and if these tools
were congidered appropriate.




Glare 3hield ond Addition (Side View)

Figure 9. Production
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Figwe 1. ncorrest Sequonse laktiater Insselietion

Figure 11. Correct Sequence Initiotor Installation
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Figwe 13, Wrench Rotetice Abeut Drogue Gun Nut Scume #2
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Figure 14, Wrench Retutisn Abcvt Dregue Gua Nut Scene £3
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ENGINE IKNLET DUCT

During f1ight the left handa (~~ine inlet duct was damaged by a foreign
object, as shown in Figure 16, The damage was such that the repair at the
local level was questionsble. The author was asked to take the picture so
that it could be forwarded to the contractor facility for direction as to
place and aethod of repaix. Test personnel wanted to expedite the repair and
wanted the leiter out in the next maii. Ordinarily this would have been a
base photography task, but because of the urgency the photo was taken with the
study csmera. This event is reported not as a PSTE example but to illustrate
the specd with vhich teating problems are attacked.

MISSILE INSTALLATION TRIALS

Tha AGM65A Maverick missile was undergoing trial installations during
the field phase. Extensive video tape recordings were made of these trials.
As this final report was being prepared, persons {nvolved with the AGM 65A/
F-4 interface were reviewing the video tapes. They identified several areas
primarily involving work envelope and clearances. They requested photographs
of selectad scenss so they could compare them to drawings. These pictures
were classified and cannot be reproduced here.
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Figure 18. Engine Inlet Duct Domego
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SECTION V

ASSESSMITC AND RECOMMENDATIONS

The utiliity of the prees camcra with the Polaroid back was recognized
early in the field phase. Use of this technique gtressed support of PSTE
and minimized overlapping with base puutography.

The primary application of this technique was in collecting data perti-~
nent to apecific human engineering problems. The pictures are used to check
dravings as s means of communicating with other test sactions and contxactor
personnel, and to preserve the event for analysis.

‘The contractor PSTE repregentacive would have liked to have retained the
camera for the duration of the teat but previous coumitments necesaitated its
return to the contractor facility.

Had the camera and its accessorles been available throughout the F-4E
Category II test, much time and effort would have been navad.

Because the field phase wac relatively ashort, there was no effort to
obtain hase photographer passes for PSTE peraonnel.

ASSESSEMENT OF EQUIPMENT AND RECOMMENDATIONS
a. Press Canmers
(1) Assessment

The Ctown Graphic camers was verpatile ard performed well. Al-
though the Craplex Optar £/4.7 lens is vrelatively slow, the fast Polaroid
film negated the necesaity for a faster lens. The camers was adequate for
21l objects and enviromment encountered,

(2) Recomzendations

(#) The shutter and sperture controls on this camera require
aanual setting., It would be most ecoromical to have a
lens/shutter that would automaticaliy adjust for bright-
nesg. At this ti{me no such unit exists.

(b} The camera weights seven pounds. Some of the more recent

press cameras avre lighter and would be easfer 1o manipulate.

Cameras used for PSTE should be as light as possible.

Extenaion tubes that would {ncrease the lens-to-f{la dis-

tance would allow magnified images. These would be useful

for tool/equipment analysis.

(d) There are situaticns where the operator cannot get in back
of the camera to use the ground glase focusing panel,
Photographing the cockpit from the pliot's eve position ia

(c
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a frequent problem where the operator cannot use the ground
glass. A periscope attachment ou the lens would adapt the
camera 0 limited aveas.

(e) A locking cesz should be utilized to stor's the camers
syatea.

b. Polaroid Land Film Holder
(1} Aasesement

The film holder vas adequate for PSTE. However, in the early
shase of this study, tne operator made acveral errors in inserting the packat
and in proceasing. The resultant contamina.ion and jawming required partisl
dismantling and cleaning of the holder. Another operatnr error was in inad-
vertent'; pressing on the camera while ¢ithdrawing "he packnt during process-
ing, the uneven pressure resulting in part of the _icturs rot being developed.

(2} Recommendation

An improved Polaroid film holder £545 with several improvements
to reduce operator errcr shouid be used. Por exsmple, the lozd and process
mechanism hss been covered to prevent accidentally altering the aprirng tengion
of the proceseing rollers as the film packet is re wed.

c. Light Meter
(1) Assessment
A light meter is an essential accessory to the camera system.
Quick establishing of the proper exposure cuts film waste and veduces task.
The sensitivity of the Weston Master V was adequa®2 {or ambient corditions
encounterad in this study.
(2) Recommendation
An adequate light meter should be used. The light meter should
produce dccurate readings as low as fi-e foor candles. This perr‘ts making
correct exposures under low ambiert 1light conditions.
d. Tripod
(1) Assessement
A heavy duty tripod is required for imagery rec iriag .ucurate
placement, framing, focusing, and registration. The Sampson Hodel 7301
tripod used was quite sturdy. The pan/tilt heed was in “he accurate place-
sent and angle of the camers,

{2) Recommendations

{(8) Thne cawmera requires s tripod for most PSTE applicationk.
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(b) A tripou with an elevator mechanism i{s preferable. It
reduces the need for adjusting the tripod legs.

(¢) 1In ocrder to permit photegraphy from low angles, a device
that attaches to the elevato~ head and lowers the pan
head to near floor level should be acquired,

e. Film
(1) Assacgament

All of the Polaroid land films offer rapid results. The charac-~
teristica cf the films permit photography under a wide range of field condi-
tions and subject mat ar. Flash bults and zlectronic flash units woull not
be renuired normallv. The trials with color film (Type *) {indicated that the
expogure, embient temperature, and precessing time were much more critical
than with the blzack and white fiim.

Cleanliness during the print coating operation requires speciul
attention., DPuct and dirt falling on the surface upun which the prints are
being coated sie picked up by the coater aad deposited on the print aurfoce.




SECTION V1

SUMMARY AND CONCLUSIONS

Use of the press camera with a Polaroid back is a valuable PSTE technique
which was quickly accepted and utilized at the test site. The rapid acquisi-
tion of graphic data aids in the apeed and accuracy of reporting.

The uge of the camera technique will te summarized in terms of the ori-
ginal criteria.

Nill Objectively Measure Human Performance

The camera technique enables the evaluator to obtrsin static viasws of
maintenance activity. From the data the evaluator can establish many
factors related to human performance, including work space envelcpe,
visual access, anthropometry, and use of tools.

Provide Data That is Usefui tc a System Test Effort

Photographs taken with this camera were used for PSTE and other testing
needs, A request was mad2 for retaining the camers at the test sita.
Unfortunately, the camera was needed at the contractor's facility.

Can Be Used During Test Activities

The cam~vra was used in hangir, flight line, and shop areas. The Tyve 57
film uged was fast enough to work in even the dimmest light situatioms.

Will Produce Minimum Interference With Test Activities

The use of the¢ camera resulted in minimum interference with maintenance
activity. Cloxe-up shots (macrophotographs} requiring a tripod and
ground glass focusing tee a few minutes longer than the normal shots.

Have = Potertial of Being Frequently Us2zd and Applicable to Many Sub-
Systems

This versatile technique hars wide application.

Will Be Based On the Technique as Being a PSTE Tool in Contragt fto a
Research  ad Developmen: Tocl

This technique is zpplicable to the testing and development of systema.

Car._ Be Used by Test Personne]l Without Extensive Trainipg

The ATC personnel, the ccntractor PSTE representative, and contractor PS
personnel have learned how to use the camera system ir an hour or two.
Because the results can ba proeptly assessed, the operacor learns the




correct procedures much more quickly. Elementary photography texts
should be utilized by those who intend to utilize this technique
extensaively,

Will Generate Data That is Usable by SPO's, Contractors, and the Air
Force Commands

Tre photographic data has universal application. Its use as a PSTE tool
wds primarily internal to PSTE. The reaulting photographic data was used
to develop reports.

Will Be Adaptable to a Fast Resction Situation

The camera system is canahle of being put into use within a few minutes.
If this system were to become a standard PSTE tool, it would overcome
a serious shortcoming in present conditions.

Will Provide Results That Have Operational Significance

Use of the camera peruits obtaining details of tasks and equipment that
create delays and cauee damage to other equipment or injury to personnel.

A logical question might be asked: Why should the PSTE team be provided
with a camera whenr the Air Force bases have photographers and weli--equipped
photo shopa?

First, the use of cameras by PSTE personnel is noi intended to substitute
for bagse photography support of a test effort. The propoaed concept is one
of additional ohotographic data, not one of substitution. Perhaps the follow~
ing rationale will differentiate hetween the functions of base photography
and PSTE.

&, The PSTE team on the test site cbserves maintenence tasks. For their
major portion, there is no need for a photographer. To have a pho-
tographer on staudby would be inefficient.

b. 1In the fieid of human factors, particularly PSTE, the trained
observer knoss how best to describe the critical task. He may nead '
photographs teo aid in description. With the delay of coaventional
photographic processes, he may find that the pi:tuves taken by
another are inadequate and that it is impractical or too late to
reneat the task. This factor has complicated PSTE reporting in the
past.

. The photographic data needed for PSTE frequently does not warrant
the time and expense of base photography support because the material
{8 usvally used as reference.

d. Pictures required for reports normally should he taken by the base
photographers. The high quality and precision needed for reprcduc-
tion is strictly a base photography function,
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e. Tesks that involve critical situations should be documented by the
base photographers.

f. The PSTE team should have the capability of photographing unexp.~cted
events. Normally, there is not enough time to acquire base photog-

raphy support,

The camera system was extcusively used to provide data for the illustra~
tions used in the three technique test guides. MNost of the teat guide
illustrations were based upon Polaroid photographs. As an example as to the
value of this technique, the illustrators were able tc make most of the
1llustrations without any further directlon or & need to see the equipment.




APPENDIX
CAMERA SET ASSEMBLY AND OPERATION
INTRODUCTION
This manual contains the procedures necessary to prepare and operate
the Camera Sat. The procedures consist of the following sections: Reference

Publicationa; Precautions to be Observered; Preparation; aund Operation.

The Reference Publications section lists the commercial manuals support-
ing the Camera Set.

The Precuations to be Observed section identifies various arexzz ia the
Camera Set that, under certain conditions, are subject to damage or wiy cause
injury to personnel, and specifies the correct methods for avoidance.

The Preparation section providies assembly and adjustmext instructions
for the Camera Set prior to operatiou,

The Operation section contains praocedures necessary to fully utilize the
Camera Set,
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SECTION 1

REFERENCE PUBLICATIONS

1-1. GENERAL.

1-2, The following is a list of publicatione supporting the Camera Set:

Morgen, Willard D., Lester, Henry M., Graphic Graflex Photography,
Morgen & Lester, New York, New York, 1946.

SECTICN II

PRECUATIONS TO BE OBSERVED

2-1. GENERAL.

2-2. The Precautions to be Observed section lists areas of the Camera Set
that &are subject to damage, and provides instructions on avoiding damage or
injury to perscnnel.

2-3 ° nm.

a. To prevent damaging the deve:lopment reagent, do not press the pod o:
the unused film packet.

b. Use care to avoid contact with the brown, jelly-like developer that is
exposed when the film packet is opened. The daveloper is caustic and
causes alkali buras upen contact with skin. Keep che developer auvay
from the vicinity of eyes and mouth., If developer contacts skin, wipe
off i{mmediately, then flush with water., Do not allow the develecper to
contact clothes or furniture.
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3-1.

SECTION 11X

PREPARATION

GENERAL.

Section 111, Preparation, provides preliminary inatructions on setting

up the Camera Set for operation. The procedures consist of the following:
Preparation of Camera; and Adjustment.

3-3.
3-4,

“55

a.

3-8.

See FPigure 31 for components comprising the Camera Set.
PREPARATICN OF CAMERA.
MOUNTING CAMERA OR TRXPOD.

NOTE

Do not perform following procedure if vamera
is to be hand-held for action shots.

Loogsen lowest knurled knob on tripod and unfold tripod legs. Adjust
legs to desired elevationm.

Mount Camera on Tripod mount with back of Camera facing positioning
handle on YTripod. Secure Camera with captive screw on Tripod mount.

OPERING/CLOSING CAMERA.
“ee Figure 3-2,

Opening.

(Se Figure 3-2, Detail A) Presa Bed Release Button (3) (under leather)
or: “amera (2) and lower camerz bed (1) until braces (5) lock.

RESUT.T: Click {3 nheard and bed ia locked in place, in line with
botrom of Camera.

Rotate clamp (6) to forward position, looseniug “ront standard (4).

Grasp loop on clamp (6) and pull front standard («) to stops (9).

Rotate clamp (6) to right, locking front standard (4) in place.

Closing.

(See Figure 3-2, Detsi{l A). Adjuat focus control (10) until infinity
markers are aligned ob camera bed scale (7) and siiding track scale

(8).
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FIGURE 3-1. CARERA SET
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. CAMERA BED
. CAMERA

. BED RELEASE BUTTON
. FRONT STANDARD

. BRACES (2)

QOM“Q&UN—

CLAMP

. CAMERA BED SCALEZ

. SLIDING TRACK SCALE
. $TOPS

. FOCUS CONT 0L

. FOGUSING PAHEL

. FILM HOLDER

DETAIL A
OPENING AMD CLOSING CAMERA

DETAIL B
FiLM HGLOEX REMOYAL
AND I1WSTALLATION

EIGURE 3-2. CAMERA PREPARATION
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Rotate clamp (6) to forward position, loosening front standard (4).

Grasp loop on clamp (6) and puah front standard (4) into Camera (2).

Push braces (5) in and Jown, an? slowly 1ift camera bed (1) up into
Camera (2) uvutil camera bed snaps closed.

FILM HOLDER REPLACEMENT.
Sc¢e Figure 3-2,
NOTE
Film Holder rormelly remsirs in Cameva
axcept during ground glass focusing. Film

is normally loaded and removed from Film
{older with Film Holder remaining in Camera.

Removal.

(See Figure 3-2, Detail B). FEnaure film is not loaded in Film Holder
(12).

Cragp Cawera (2) and open right side of camera focusing panel (11)
about cne inch.

Pull Film Holder (12) to right untll .Impletely out cI Camera (2).
Allow focusing panel (il) to close agairst Camera.

Ingtallation.

(See Figure 3-2, Detail B). Ensure film is not loaded i1 Film Holder
(12).

Grasp Camera (2) and open right side cf camera focusing panel (11)
about one inch.

Insert ¥ilm Holder (12) a few inches into Camera {(2) with black side
facing forward (toward Camera lens). Release focusing pa~el (l1).

Push Film Holder (12) left uatil holder stops and cannnt be pulled )
out without opening focusing panel (11).

RESULT: Left edge of Film lolder {s flugh with left edge
of focusing panel.
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ADIUSTHENT.
FOCUSING CAMERA.
See Figure 3-3,

NOTE

Three methods of focusing may be ueed:
ground glass focusing; racge finder
focusing; or vernier scale focusing.

Ground glass focusing should be used

for precision focuasing when the distaace

1s unknown. Range finder focusing

should be uged for less precise focusing
(actior shots) when the distance is unkpewn.
Verrier scale focusing should be uced whan
the distence i3 knownm,

“round Glass Focusing.

.iount Camera on Tripod. Refer to paragraph 3-5, Mounting Camera on
Tripod.

Remove Film Hclder from Camera. Refer to parayraph 3-10, Remowval,
Open Camera, Refer to paragraph 3-7, Openiag.

(See Figure 3-3, Detail A). Presg latch (5) on back of Cawera {2) to
allow focusing panel cover (1) to spring open, exposing ground glaes

(6) .

(See Figure 2-3, Detail D). Un camera front standard (18) rotate
Camera Speed Scale (19} until "T" on Speed Scala is opposite Speed
rointer (21) on ghutter/lens syatem {22),

Set Aperture Indicatsr (24) to £/4.7.

To open shutter (23). -rese and hold down Shutter Release Lever (25).

While holding Shutter Release lLever down, gently uet Cocking Lever (20)

to right, then relea “ockiay “ever. Ralease Shutter Relsase Lever.
RESULT: (1) Shurter (23) opens snd stays open.
{2) Image (probably cut of focus) can be sexn on

ground glass (6, Detail A).

Look through ground glass (6} and loozen two krurled knobs on Tripod

camera mount. Fosition camera with tripod positioning handle to freme

object or scene, then tightsn knobs.
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s DETAIL A

CAMERA FOCUSING

DETAIL C
OPENING LIGKT METER

S T TER APERTURE

CETAIL 3
LIGHT METF® SCALES DETAILD
CAMERA FRONT STANDARD

FIGURE 3-3. CAMERA ADJUSTHRENT
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FOCUSING PANEL COVER
CAMERA

RANCE FINDER WINDOW
FOCUS CONTROL
LATCH

GROUNKD GLASS

LIGHT WINDOW

ARROW

LIGHT SCALE
INDICATOR BUTTON
APERTURE SCALE
METER SFEED SCALE

. “DIN'' WINDOW

TASAT WINDOW
SCALE BRAKE BUTTON

. LIGHT METER

COVER
CAMERA FRUMT STANDARD
CAMERA SPEED 5CaAlE

. COCKING I.EVER

SP£ED POINTER
SHUTTER/LENS SYSTEM
SHUTTER

. APERTURE IND:CATOR
. SHUTTER RELEASE LEVER

FIGURE 3-3. CAMERA ADJUSTEENT

.




3-13,

Adjust Focue ConZrol (4) until i{msge on ground slass (&) is correctly
focused.

Press “hutter Relsage Luavzr {25} to clcaa ahurter (23).

¥old focusing panel cover (1) until latch (8) snaps, holdiug cover
sloszed,

Inatall Film Holder in Cameva. Refer t» pavagraph 3-11, Ingtaliation,

Range Finder Focusing.

NOTE

Cemera vay be hand-ield or mountad on
Tripcd eter range finde- method is used.

If Camera is to bz mounted on Tripod, parform ravagraph -5, Founting
Camara on Tripod.

Jpen Camerva.  Refer oo parsgrsph 3-7, Opealng.
{See Pizurz 3-3, Datail A) Iool through racge finder window (3) wad
pesition Camsra (2) untii cbiect or scene to be focused {s in center

of fisid.

Adiugt Pocus Control (4) until double imuge mevges {nuo one clear ivage.
Caacre 13 now (n focue.

Verndsr Scale Focusing.

Wounc Cemera ca Triped. BRefar to paragragh 3-5, Muonting Camers on
Tripod.

Tpan Cewera. Refer to paragraph 3-7, Opening.

(Swe Figurs 3-2, Detail 2) Adjust Focvy Control (10) on Camers (1)
untll known distepce value cf object or scene matchew on rliding track
gcale (8, Detail A} and came:a bed scele (7). Camera ahoul:d now be in
focus.

FIL:: EXPOSURE TIME/SHUTTER APERTURE.

See FPigure 31,

Detearmine ASA or DIN nimbaer from Polavoid film packet contalning fi.a
toe be used.

{(See Figura }3, Detail 8) Prese Scale Braks Button (4) oa Light
Meter (24} and rotute LIGHT ecale (9) until desirzd ASA or DIN auv:ber

$2




ropear directly opposiie poioter on ASA window (14) or DIN windew {13).
Releage Scale Breke Buttca. feadjusr I.ISHT scale to ensure scale
point.ers are axactly opposite nuebhers.

(See Figure 3-3, Tetail I} To ‘stevmics light velue, cpan cover ('7)
completely anc snap ageinat Lok or roier Foint rear of Light Matevr
at object £» be photographed., v« ;. . hold Indicator Butren (10}
unt{l red indicator on LIGHT windiw (/} etops, then relecase bution,

RESHIY: Red indicator holda at Indicated reading.

Note LIGHT window (7) reading, thea adjuct Aperture Scale (11) watil
arrow (B) is opposite esue value =n LIGHNT scale (9).

To determine shutter aperturs and 2xposure speed, decide whether a
long exposure cr shorct exposure is deaired (long exposure for station-
ary objacts, short :xposura for action shots). Loug exposure speauds
(in seconds) are {n rad porti~n of meter Specd Scale {12); short
axpogure speeds (fraccions of seconds) are in 9ilvar and black portion
of weter Speed Scale. When expcaure gpesed fis chusen, find correspond-
ing shutter aperture value on Aperture Scala (i1) oppoaite chosen
meter Spaad Scale value (do not move scalea),

(See Pigure 3-2, Detsl) D) On Camera frout standerd (18, rotate Csamera
Speed Scale (19) until chosen expeosure speed 18 opposite Speed Pointsr
(21). Set Camera Apertuve Indicetor (24) to shutter sperture value
derived from Light Meter.
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SECTION LV

CPYRATION

ie. GENERAL.

4-2, Sectlon 1V, Oparation, provides instiuctions for using the Camera Set
tu obtain phetographs of ol iants or scenes.

4-3, TAKING PROTOGRLFY,

G-4. YREPARATION.

8. If Camera is tu be mounted on Tripod, perform paragraph 3-3, Mounting
Caners on Triped.

. CUpen Camera. kefer ta paragraph 3-7, Opening.

¢, Focus Camara at chject orx scens to be phetigraphed. SJefer v pavagraph
3-13, Focusing Camera.

d. Set film exnosure time and shutter aperture on Camere. RAefer to para-
g aph 3-17, Pllm EBxposure Time/Shutter Aper-ture.

e. Ensure Tilm Yolcder is installed in Camera. Refer to paragraph 2-11,
Inatallatfon,

4-5, PROCEDURE.
See Figura &-1.
6~6, Ingerting Film.

a. (See Figure 4-1, Detall &; Raige (A) LOAD/PRCCESS lever {(2) on Film
Holder (3) to LOAL.

CAUTION

To prevent damag!ng development reagent,
do not press pod on film packar (4) while
{nserting packet into Camera.

b. “rasp film packet (4) =8 shown and {nsert (B) metal clip into siot in
Film Hdolder (3) (ensure POLARCID name or film packet is positioned =ss
shown). Pueh fila packet sbcut helf way i{nto Film Holder.

¢. Hold Camers (1) Zirmly ard graap end of film packet (%), pushing film

packet completely {nto FTilmz Holder (3) until metal clip clicke into
position.
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7 MZTAL CLIP

F00
(DO ROT PRESS MERE)

DE AlL A
INSERTING FliM

DETAIL E
WITKDRAWING ENVELOPE

POC
(DO NOT PRESS HERE)

FIGURE 4-1. TAKING PHOTOGRAPH
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CAMERA

LOAD/PROCESS LEVER
FILM MO DER

FiLM PLCKEY

COCKING LEVER

SHUTTER RELEASE LevenR
CAMERA FRONY 3TANNDARD
HUTTER

S S 2 0

DETAIL €
EXPOSURE

DETAIL D
DEVELOPING PICTURE
ARD REMOVING Filu

FIGURE 4-1 TAKING PHOTOGRAPH
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§-3.

a.

(See Figure 4-1, Detail B} Cavefully withdraw (C) envelope of film
packet (4) until envelope stops. Lightly run finger cver ped ca
envelope to ensure regative did not come out with ecvelope. If pod
is not flat and smooth, refnsert envelope and repext sty d.

Film is nowv ready for taking pictur: (axposure).

Expogure.

(See Flgure 4-1, Detail C) On Camera front staniard (7), puch (D}
Cocking Lever (5) completaly to right.

RESUIT: Red dot appeara aud Cockiag Levar remiins to ight.
To expose film, press down (E) on Shuttear Relasge Levevr (§).
RESULT: (i) Shutter (3) operstes and Cocking Lever moves laft
tc uncoc’.ed positioan.
(2) Camara :ilm is expoged.
Developing and Removing Fils.

{See Pigure 4-1, Detaill D) Reinsert (¥) ervelope until emvelope atope.

Lower {G) LCAD/PROCESS lever (2) to PROCESS (development does not bagin
until €ollowiig step is performed),

NOTE

Develcpment time for most film is fifteen
seconds at 70° F; check film instructions
in filx box for developmant time of parti-
cular film being used. When film packet

(4) is removed in next step, degin measuring

development time just #=2 pscket isavne
Pils Holder (3).

CAITION

To prevent poor developing of film during
next ateap, do nct slow down when resistancs
is felt as packet is withdrawn. To avoid
incomplats developer apread do not withdrew
packat exceedinglw fast. Io avod dameging
film do not gr-s> any poretion of Film Holdar
{3) while uitharaving packet.
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C.

To develop film, grasp Camera (1) firmly, then grasp end of film
packet (4) and repidly and smoothly pull (H) parket completaly out of
Film iolder (3). Begin timing development.

WARNING

Use care to avoid contact with brown,
jelly-1like developer that is expused
when film packet is opened. UDeveloper
i{s caustic and causes alkali burns upon
contact with skin. Keep developer avay
from vicinity of eyes and mouth. If
developer contacts skin, wipe off imme-
diately, then flush with water. Do not
allow developer tu contact clothes or
furnicure.

When development time ends, open film packet by ripping paper off end
opposite from metal clip.

Strip sides of film packet and remove developed print.

Discard film materials ccntaining caustic developer into a satfe
container.

Ensure print is free from dirt and dust, and apply coating compourd
(contained in small plastic cylinders included in film box) over print.
Coat print completely with six to eight overlapping strckes. Prints
should dry within five minutes,

If ro further photographs are to be taken, close Camera. Refer to
paragraph 3-8, Closing.
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